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Demonstration of steady state high electron tempera-
ture plasma sustainment is one of the important targets of 
the LHD project. Treatments of the heat and particle fluxes 
into diverter. vacuum vessel are the main issue for the fusion 
device engineering. Control scheme of plasma density and 
temperature and neutral particles should be established under 
the steady state fusion relevant high temperature plasma con-
dition. These are the main motivations of continuous wave 
(CW) experiment using ECH. 
Preliminary quasi-steady state experiment up to 120 s 
using gyrotron operating 95% duty have been performed in 
2000 [I]. After that experiment, CW experiment using gy-
rotron could not be continued due to the damage of the gy-
rotron. A gyrotron capable to operate 1000 s with the out-
put power of 200 kW is introduced in March 2003 to restart 
CW experiment in LHD. This gyrotron at the frequency of 84 
GHz has a diamond window. This gyrotron is connected to 
one of the evacuated corrugated waveguide systems of31.75 
mm id. (#5) listed in Table. I of Reference [2] and the power 
is injected to LHD from an up-taperred corrugated waveg-
uide antenna [3]. In order to monitor the temperature rise 
in the waveguide components, multi-point temperature mea-
surement system is introduced and attached the sensors along 
the long transmission line. Pressure rise in MOU and waveg-
uides due to the temperature rise had been the major cause 
of the termination of the pulse. Out gassing were far from 
saturation and the pressure kept increased due to the poor 
conductivity in the waveguide. 
Figure I shows time evolutions of a) injection power 
into LHD, b) averaged electron density, c) ECE radiation 
temperature, d) radiation loss power and e) temperature rise 
in one of waveguide components during the longest operation 
for 756 s. The repetitive gas puff is adopted to finely control 
the low gas feeding rate to keep the plasma density under 
the critical level to prevent radiation collapse. Averaged gas 
feeding rate in this particular shot was 0.002 Pa m3/s at the 
beginning, but this rate is gradually decreased manually not 
to exceed the threshold level. This is the reason why the den-
sity, temperature, radiation fluctuates. In average, plasma of 
electron density of 2.4 x 10" m-3, and ECE radiation tem-
perature of 240 eV is sustained by 72 kW injection power. 
ECE radiation temperature is not necessarily the real elec-
tron temperature, since the plasma is optically thin in this 
parameter. It is noted that the density decay rate just after 
the gas puffing pulse decreases towards the end of the pulse. 
The ECE radiation temperature expected to reflect the elec-
tron temperature near the plasma center also shows the same 
tendency. These might reflect the change of recycling from 
the wall even in such low gas feeding rate and light duty for 
the diverter or wall. The termination of the injection is trig-
gered by the pressure rise above safety level of the waveg-
uide transmission line. It is necessary to continue the effort 
to increase the injection power by enforcing the cooling and 
pumping of the waveguide. 
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Fig. I. Time behavior of plasma parameters during 756 sec 
injection. a) Injected power, b) averaged electron density, c) 
ECE radiation temperature, d) Plasma radiation loss power 
and e) temperature rise of one of waveguide components, re-
spectively. 
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